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The lens regeneration of the newt is well known as the Wolffian regeneration, 
in which the iris metaplastically transforms into the functional le)ls through 
depigmentation (WoLFF 1895 and many others). On the process and the mechanism 
of this phenomenon, a number of morphological, experimental, and biochemical 
investigations have been reported {MANGOLD 1931; REYER 1954, 1962). In our 
laboratory, some biochemical and serological behaviours of the iris were studied 
(EGUCHI and IsHIKAWA 1960, 1963; OGAWA 1962, 1963). Moreover, an interesting 
work on nuclear RNA synthesis in lens regeneration was reported by YAMADA (1962). 
The mechanism of depigmentation of the iris and early lens vesicle formation 
were studied with the electron microscope by the writer. The obtained result 
was that the iris cells can differentiate into the lens vesicle as soon as they lose their 
pigment granules by an active participation of the amoeboid cells through 
inflammation-like changes of the iris (EGUCHI 1963). Further observations have 
been made to elucidate the significance of the ultrastructural change in fiber 
differentiation and protein synthesis in the regenerating lens. Some of the results 
will be reported in the present paper. 
MATERIAL AND METHOD 
Adults of the common Japanese newt, Triturus pyrrhogaster were used as the 
material. The lens was extripated from the eye according to SATO's method 
(1940). Operated animals were cultured at a constant temperature 20± 1°0. . The 
eye was isolated from the animals every day from the 7th day after lens extripation. 
The anterior half of the eye with the iris ring was cut off and fixed in one per cent 
osmium tetroxide (pH 7.1) for two to four hours at 2°0. The fixed specimens 
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were then washed, dehydrated, infiltrated in acryl-resin, and embedded at 50°0 
(EaucHI, 1963). Electron micrographs were obtained by enlarging the photo-
negative plates taken on a JEM T- 6 electron microscope. 
RESULTS AND DISCUSRION 
Around the 14th day after extirpation of the lens, t he lens fiber begins to 
differentiate from the posterior wall of the lens vesicle, which has been formed from 
the iris cells through depigmentation (EaucHI 1963 ; SATO 1940 p. 575, 582- 585, and 
594- 597). The lens fiber formation is started by transformation of the cuboidal 
cells of the lens vesicle into the columnar cells. In the nuclei, the nuceoli well 
develope and the nuclear components, which have gradually increased during 
depigmentation and lens vesicle formation, grow in population density more 
and more (EGUCHI 1963). The cytoplasm shows a large number of dense particles 
assumed to be RNP granules from t heir density and size (Fig. la). It is in-
teresting that these granules are often observed in the immediate vicintiy of 
the nuclear envelope, and t hat the nuclear particulate components condense along 
Fig. 1. . Section through the long axis of the differentiat ing cell at th~ posterior 
wall of th11 regnerate on t he 15th day after operation. a: A large amount of electron 
dense particles (ribosomes) are observed. b: Condensation of dense particles enclosed 
in the double membrane appears in the cytoplas m. cm = cytoplasmic membrane. m=mito-
chondrion. n = nuclcus. nm= nuclear membrane. Scale= l t•· 
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the inside of the envelope (Fig. l a) . 'rhis strongly suggests the important role 
of the nucleus in synthesis of cytoplasmic RNA utilized in lens protein synthesis. 
YAMADA and his colleagues showed in their autoradiographic study that RNA 
synthesis in the nucleus of iris cells is remarkably enha1~c~d s~ortly after removal 
of the lens (YAMADA 1962). He took account of the parttclpatwn of a large part of 
RNA in synthesis of CY,toplasmic protein in the new lens cells according to the 
results of the autoradiographic study and of the experiment of TAKATA (1952), 
who first demonstrated by a cytochemical method that a remarkable amount of 
RNA is contained in the cytoplasm of the regenerate. Recently, a similar result 
was obtained by OGAWA (1962) with histochemical techniques in t he iris and the 
recrenerate of the larval newt bleached by treat ment with phenylt hiourea. 
0 
Sometimes, condensation of dense particles enclosed by the double membrane 
is found in t he cytoplasm (Fig. lb). Development of mitochondri:t and of 
~UCA~IF~L..l\otllilk!l:lt,.-'- .._,1); -- · 
F ig. 2. Selected parts of the elongating young lens fiber on t he 15th_ day ~fter opera-
t ion. a: Basal part of t he fiber. Many vesicular profiles of _endo~la.smtc r:tw~lum and 
swellin« mitochondria are shown. b: \'Veil-developed endoplasmiC retteulum w1th nbosomes. 
This 1cicrograph was obtained from t he midcUe pa.r t of the · fiber. er=en~opla.s~ic re-
ticulum. m = mitochondrion. n= nncleus. ve=vesicular profile of endoplasmtc ret1culum. 
Scale=l f-L. 
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endoplasmic reticula is also enhanced at the early stages of the lens fiber forma-
tion. The columnar cells of the lens vesicle extend towards the lumen. The nucleus 
also changes in shape and becomes a long ellipsoidal nucleus with a few invagina-
tions of the nuclear envelope. In the basal part of the extended cell, a large 
number of mitochondria of various shapes are often observed and endoplasmic 
reticulum mostly show vesicular profiles (Fig. 2a). In the middle part of the 
young fiber, the endoplasmic reticulum with ribosomes develope well (Fig. 2b). As 
differentiation advances, elongated mitochondria are found along the long axis of 
the cell, especially near the nucleus. Observations of serial sections revealed that 
these elongated mitochondria are profiles of a single mitochondrion which is some-
times over 10 micra in length and sometimes branching. Fig. 3a shows one of these 
large mitochondria which is 10.4 micra in length and 0.3 or more in thickness. 
Endoplasmic reticular strncturcs in the basal part of the fiber develope further 
than those in the earlier stages. (Fig. 3b ). 
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Fig. 4. a and b. Selected parts of t he amoeboid cell enclosed among the differentiating 
lens fibers of the 18th day old regenerate. Special structures wit h pigment granules proba-
bly being digested are observed and some of the pigment granules are directly affected in 
the cytoplasm (arrow). For further explanation, see text. m = mitochondrion. mec= 
mitochondria-endoplasmic reticulum complex with pigment granules. p = pigment 
granules. Scale= lt~ · 
The young lens fibers thus developed continue to increase in length and are 
arranged to form the so-called primary lens nucleus. The secondary lens fibers 
differentiated from the newly supplied lens epithelial cells stretch along the surface 
of the primary lens nucleus. Detailed descriptions and discussions on further 
formation of the lens fibers will be reported in another paper entitled "Electron 
microscopic studies on lens regeneration II", now in preparation. 
In the course of formation of the lens fibers, the amoeboid cells (EGUCHI 1963) 
which have taken pigment granules from the iris cells are sometimes enclosed in 
the lumen of the lens vesicle or among the young fibers. Fig. 4a and b show the 
situation of these cells. The figures suggest that the pigment granules engulfed are 
probably digested directly in the cytoplasm or in the special structure with 
double membrane, the condensed mitochondria-endoplasmic reticula complex. 
These cells may constitute a part of the primary lens nucleus after they have become 
t ransparent by perfect digestion of the pigment granules. 
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SUMMARY 
The young lens regenerates of Triturus pyrrlwgaster were electron microscopi-
cally investigated to clarify the mechanism of differentiation of the lens fiber from 
the epithelial cells of the lens vesicle. The nuclear substance increases with 
development of the nucleoli and with condensation of the dense particles along the 
n,uclear envelope, while RNP granules remarkably increase in the cytoplasm, especi-
ally in the immediate vicinity of the nucleus. Both mitochondria and endoplasmic 
reticulum develope with enhancement of fiber differentiation. Evidence of growth 
or elongation of mitochondria with branching was found. It is possible that the 
pigment granules are digested in the amoeboid cells which are probably included 
in the primary lens nucleus. 
The author wishes to express his gratitude to Professor TADAO SATO for his 
encouragement during the whole course of the investigation and for his kind 
revision of the manuscript. 
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